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Abstract: This paper describes some details and procedural steps in the equivalent resistance 
(E-R) method for simplifying the pier group of the Sutong Bridge, which is located on the tidal 
reach of the lower Yangtze River, in Jiangsu Province. Using a two-dimensional tidal current 
numerical model, three different models were established: the non-bridge pier model, original 
bridge pier model, and simplified bridge pier model. The difference in hydrodynamic parameters, 
including water level, velocity, and diversion ratio, as well as time efficiency between these three 
models is discussed in detail. The results show that simplifying the pier group using the E-R 
method influences the water level and velocity near the piers, but has no influence on the diversion 
ratio of each cross-section of the Xuliujing reach located in the lower Yangtze River. Furthermore, 
the simplified bridge pier model takes half the calculation time that the original bridge pier model 
needs. Thus, it is concluded that the E-R method can be use to simplify bridge piers in tidal river 
section modeling reasonably and efficiently.     
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1 Introduction 
Pier foundations are usually used to bear the loads from upper buildings in cross-river or 
cross-sea bridge projects, offshore wind farm projects, and muddy coastal harbor projects. The 
placement of the pier group has a certain effect on water level, velocity, and discharge around 
the piles. Physical modeling and numerical modeling are the main approaches to investigate the 
effect (Deng 2007; Cao et al. 2006; Xie et al. 2008; Martin-Vide and Prio 2005). With the 
development of computer technology and the improvement of numerical calculation methods, 
many studies have focused on numerical experiments (Wang 2010; Cao et al. 2006; Xie et al. 
2008; Qi et al. 2006). Li (2001) pointed out that the domain of the numerical model must be 
very large compared with the concerned area in order to prevent a project from affecting the 
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open boundary and/or to obtain the open boundary data easily. However, the pier size is often 
relatively small, ranging from tens of centimeters to tens of meters. Studying the scope and 
extent of the impact of piers with such small scales on water flow in a wide calculation domain 
has been a difficult problem for researchers. 
Currently, there are two main solutions to this problem: the direct simulation method and 
the equivalent simulation method. The direct simulation method treats the pier as an 
impervious land boundary and determines the outline of the pier by refining the grids around it. 
However, with the increase in the number of grid cells, and the decrease in grid cell size, the 
numerical model is time-consuming even if on a high-performance computer. To enable the 
numerical simulation to execute successfully and ensure the premise of the large-domain 
hydrodynamic conditions, the equivalent simulation method has often been used in previous 
studies. There are three kinds of equivalent simulation methods: the local terrain adjustment 
method (Tang 2002a), local roughness adjustment method (Tang 2002a; Tang 2002b; Cao et al. 
2006), and equivalent water-blocking area method (Zhang et al. 2007). Based on analysis of the 
advantages and disadvantages of the three methods, Xie et al. (2008) has proposed a new 
generalized method for pile piers, called the equivalent resistance (E-R) method. The superiority 
of the E-R method has been discussed in terms of water level, flow velocity, and backwater. 
In this study, the E-R method was used to simplify the pier group of the Sutong Bridge, 
located on the downstream reach of the Yangtze River. The differences in water level and 
velocity in the large domain between the original bridge pier model and the simplified bridge 
pier model are discussed in detail. The changes of the diversion ratio at each cross-section of 
the Xuliujing reach of the Yangtze River are also analyzed, and the time efficiency for each 
model is discussed as well. 
2 Numerical modeling 
2.1 Governing equations and methodology 
A two-dimensional tidal current numerical model was used in this study. The governing 
equations are composed of the continuity and momentum equations: 
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where x and y are the components of the Cartesian coordinate system; t is time; η  is the 
surface elevation; h is the total water depth; u and v are the depth-averaged velocities in the x 
and y directions, respectively; f is the Coriolis parameter; ρ is the density of water; g is the 
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gravitational acceleration; tν  is the horizontal turbulent eddy viscosity; sxτ  and syτ  are the 
surface stresses in the x and y directions, respectively; and bxτ  and byτ  are the bottom 
stresses in the x and y directions, respectively. 
In order to describe the bank of the river reasonably, an unstructured triangle grid 
generation technology was used. The finite volume method was used to solve the equations 
above. The moving boundary technique was used to reproduce the phenomena of wetting and 
drying at the intertidal zones. Some detailed information about the numerical techniques, 
calibrations, and verifications of the model can be found in Hu and Tan (1995) and Tan (1998). 
2.2 Study area and Sutong Bridge 
The numerical model domain is located in the lower Yangtze River in Jiangsu Province, 
which contains plenty of shoals, such as Tongzhou Shoal, Langshan Shoal, Xintonghai Shoal, 
and Baimao Shoal. The model has three open boundaries, and its length and area are about 
77.5 km and 668.5 km2, respectively. The upstream open boundary is at the Tiansheng Harbor 
(at a latitude of 32°01ƍN and longitude of 120°45ƍE) in Nantong City, and the other two 
downstream open boundaries reach the Qinglong Harbor (at a latitude of 31°51ƍN and 
longitude of 121°14ƍE) and the Yanlin Tidal Station (at a latitude of 31°35ƍN and longitude of 
121°15ƍE), which are in the north and south branches of the Yangtze River, respectively. The 
research object is the pier group of the Sutong Bridge located on the tidal river section. There 
are 72 piers with different sizes. The minimum pier size is 6 m × 15 m, and the maximum is 
48.1 m × 113.7 m. Detailed information is given in Fig. 1. 
 
Fig. 1 Sketch of study area (Elevation system: 1985 national height datum of China, unit: m) 
2.3 Calibrations and verifications 
The spring tide from October 27, 2007 at 10 a.m. to October 28, 2007 at 1 p.m. was selected 
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as the representative tide in this study. The numerical model domain located at the tidal river 
reach of the Yangtze River estuary is influenced by tidal flow and runoff flow together. In order 
to describe the flow movement reasonably and accurately, the open boundary conditions were 
provided by the in situ measured data from several local tidal stations. The model time step was 
30 s, and the Manning’s roughness coefficient as a function of water depth ranged from 0.012 5 
to 0.02. Some detailed analysis on the calibrations and verifications of the model can be found 
in Zhang et al. (2008). 
3 Simplification of pier group 
3.1 Concept of simplification  
In a flow simulation model, coarser grids can satisfy the accuracy requirement of the 
hydrodynamic simulation. However, when small-size hydraulic structures such as the bridge 
piers in this study are considered, the mesh refinement method is used to describe the 
structures’ contours. With the increase of the number of the grid cells, and especially the rapid 
decrease of the size of the grid cells, the numerical simulation consumes a lot of time. 
Therefore, it is really challenging to deal with the balance between grid cell size and time 
consumption in these situations. In order to enhance calculation efficiency and ensure the 
consistency of hydrodynamic conditions of the large domain, it is necessary to simplify the pier 
group by means of special methods. The E-R method was used to simplify the pier group in 
this study. 
The approximate schemes obtained by means of the E-R method are considered feasible. 
However, simplified scenarios must be selected from the point of view of a real project. Hence, 
some details should be given attention to in the simplification procedure: (1) In order to meet 
the requirements of navigation and conveyance capacity of the pier cross-section, the design of 
the bridge usually contains the design of main navigable spans, auxiliary navigable spans, and a 
general flow section; the piers of the main and auxiliary navigable spans are very important, so 
their sizes and horizontal locations must remain unchanged. (2) When using the E-R method to 
simplify a bridge pier group, the pier size is enlarged, the number of piers is decreased, and the 
horizontal locations of piers are rearranged. As the randomness of rearrangement, there are lots 
of scenarios for selection of the horizontal locations of piers. The optimum design should keep 
piers’ center line the same as that in the original design. (3) The flow in the tidal river is 
reversing current due to the rising tide and falling tide, so the flow resistance during both the 
flood tide period and the ebb tide period should be checked. The time-averaged flow resistance 
of the ultimate simplified scenario must equal that of the original design during both the flood 
and ebb tide periods. The simplified piers were arranged on the center line of the original piers 
by means of the equivalent distance distribution method in this study. 
3.2 Steps for simplification 
There are lots of piers in a cross-river bridge project, and in most cases the in situ 
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hydrological data such as velocity and direction cannot be collected easily. Hydrodynamic 
numerical modeling, which is an economical and widely used method, is effective for 
extending the hydrological data, and can be used to provide the hydrodynamic conditions at the 
locations of bridge piers. Hence, a sufficiently calibrated numerical model without the bridge 
pier group should be established before carrying out the process of simplification of the bridge 
piers. When the hydrological data are obtained, the simplification can be executed. Eq. (4) was 




F C V Aρ=  (4) 
where wF  is the water flow resistance; V is average velocity, defined as 
2 2V u v= + ; wC  
is the drag coefficient; and A is the effective area of the pier exposed to the current. Steps in the 
simplification of bridge piers are as follows: 
(1) The formula for the drag coefficient wC  was described in Deng (2007), and the 
relative parameters in the formula can be selected from the Criteria for Load in Harbor Project 
(MTPRC 1998). The hourly water flow resistance for each original pier is calculated, and the 
time-averaged flow resistances for each original pier during the flood tide, ebb tide, and whole 
tide periods are calculated and marked as D1f , D2f , and D3f , respectively. 
(2) The bridge pier group should be divided into several groups for simplification. Taking 
the pier group of the Sutong Bridge as an example, the pier group is divided into two groups by 
the main pier 3 and main pier 6: the northern pier group and the southern pier group. 
(3) Then, taking the northern pier group as an example, the time-averaged flow resistances 
of the northern pier group during the flood tide, ebb tide, and whole tide periods are calculated 
and marked as D1F , D2F , and D3F , respectively. 
(4) The size of a simplified pier (taking a square pile as an example) is estimated. We 
assume that V in Eq. (4) is a velocity at the center line of the northern pier group, which is 
obtained from the numerical model without bridge piers, and its location is temporarily 
assumed at the center line of the northern pier group. The time-average flow resistances of a 
simplified pier during the flood tide, ebb tide, and whole tide periods are calculated and 
denoted as D1f ′ , D2f ′ , and D3f ′ , respectively. Then, the number of the simplified piers for the 
northern pier group can be obtained by D Di i in F f ′= , where i = 1, 2, 3. The size of a simplified 
pier should be repeatedly adjusted until 1n , 2n , and 3n  tend toward one integer. This integer 
will be considered the number of the simplified piers for the northern pier group.  
(5) The simplified piers are arranged on the center line of the original northern piers by 
means of the equivalent distance distribution method. Then, the horizontal coordinate for each 
simplified northern pier can be obtained. 
(6) The hydrodynamic conditions at the simplified northern piers are extracted from the 
numerical model without bridge piers. The time-averaged flow resistances of the simplified 
pier group during the flood tide, ebb tide, and whole tide periods are calculated and denoted as 
D1F ′ , D2F ′ , and D3F ′ , respectively.  
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(7) Then, DiF ′  is compared with DiF . If DiF ′  does not equal DiF , the process returns to 
the fourth step until DiF  equals DiF ′ . 
The simplified method for the southern pier group is the same as that for the northern pier 
group. The results are shown in Table 1. The size of the simplified piers is much larger than the 
size of the original piers. The number of the original piers is 69, excluding the three piers 
located in the northern shallow water zone. The number of the simplified piers is 20, which is 
about 30% of that of the original piers. 
Table 1 Parameters for original and simplified piers 
Pier and pier group 
Original piers Simplified piers 
Size 




(m × m) Number 
Water-blocking 
width (m) 
Northern pier group 
6 × 15 46 
294.0 22.2 × 22.2 11 244.2 
9 × 20 2 
       
Pier 3 25 × 40 1  25.0 25.0 × 40.0 1  25.0 
Piers 4 and 5 48 × 114 2  48.1  48.1 × 113.7 2  48.1 
Pier 6 25 × 40 1  25.0 25.0 × 40.0 1  25.0 
       
Southern pier group 
9 × 20 2 
164.0 44.2×44.2 5 221.0 
6 × 15 4 
15 × 27 1 
25 × 40 2 
15 × 27 1 
6 × 15 7 
3.3 Analysis of resistance after simplification 
The total average resistance is selected to identify the equivalence of the resistance before 
and after simplification, which is defined as the sum of the average resistance of all the single 
piers at the cross-section. The total average resistances during the flood tide, ebb tide, and 
whole tide periods before and after simplification are listed in Table 2. The results illustrate that, 
under the same tidal condition, the relative errors of the total average resistance between the 
original and simplified total pier groups during the flood tide, ebb tide and the whole tide 
periods are about 5.7%, 0.9%, and 3.4%, respectively. From the perspective of approximately 
equal resistance, the sizes of simplified piers are feasible for modeling. 
To further illustrate the rationality of selecting the total average resistance as the 
identifying factor, the relative errors of the total resistance at the maximum flood tide, 
maximum ebb tide, and high tidal level were analyzed. The analysis results show that the 
relative errors of the total resistance at the maximum flood tide and maximum ebb tide are in 
accordance with the relative errors of the total average resistance during the flood tide and ebb 
tide periods, respectively, and the relative error of the total resistance at the high tidal level is in 
accordance with the relative error of the total average resistance during the whole tide period. 
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This simplification scheme is a comprehensive result which meets equal resistance requirement 
not only at the high tidal level but also at the maximum flood tide and maximum ebb tide. 
Table 2 Total average resistances of original and simplified pier groups and relative errors  
Period 
Total average resistance of 
original pier group (kN) 
Total average resistance of 
simplified pier group (kN) Relative error (%) 
TPG NPG SPG TPG NPG SPG TPG NPG SPG 
Flood tide 4 378 2 449 1 929 4 627 2 569 2 058 5.7 4.9 6.7 
Ebb tide 2 476 1 203 1 273 2 499 1 233 1 266 0.9 2.5 –0.5 
Whole tide 3 207 1 682 1 525 3 317 1 747 1 571 3.4 3.9 3.0 
Maximum flood tide 
(2007-10-27T14:00) 7 841 4 397 3 444 8 296 4 608 3 688 5.8 4.8 7.1 
          
High tidal level 
(2007-10-27T16:00)   855   529   325  886  559  327 3.6 5.7 0.6 
          
Maximum ebb tide 
(2007-10-27T22:00) 3 264 1 575 1 689 3 255 1 612 1 643 –0.3 2.3 –2.7 
Note: Resistance is the time-averaged result, TPG is the total pier group, NPG is the northern pier group, and SPG is the southern 
pier group. 
The grids around the piers of the non-bridge pier model, original bridge pier model, and 
simplified bridge pier model are shown in Fig. 2. 
 
Fig. 2 Schematic diagram of grids around piers  
4 Discussion of effect of bridge pier group simplification 
To analyze the effect of bridge pier group simplification by the E-R method, 
hydrodynamic parameters (water level, velocity, and diversion ratio) and time efficiency were 
addressed. When the parameter Cw in Eq. (4) is constant, the flow resistance is proportional to 
the product of A and the square of V. For a steady flow, the flow resistance is only related with 
velocity, while for the unsteady flow in the tidal river reach, the variation of velocity and the 
upstream-face area with water level causes flow resistance to fluctuate. Process curves of tidal 
level, velocity, and flow resistance are shown in Fig. 3, which indicates that the maximum flow 
resistance does not occur at the high tidal level but at the time of maximum velocity, and the 
influence of piers on water flow is at its maximum at the same time. Therefore, hydrodynamic 
conditions at the maximum flood tide and maximum ebb tide were used to check the 
simplification effect of the E-R method in this study. 
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Fig. 3 Curves of tidal level, velocity, and flow resistance on October 27, 2007 
4.1 Water level 
Four obversation cross-sections (A, B, C, and D) about 3 km long were set at the northern 
pier group, the main pier 4, main navigable spans, and the southern pier group, respectively. 
One hundred observation points were arranged in each section. To describe the water surface 
curve around piers, observation points were installed at intervals of 20 m in the range of about 
1.8 km near piers; after that, observation points with intervals of 100 m were installed. Detailed 
arrangements of the observation cross-sections and points are given in Fig. 1. Water surface 
curves of each cross-section at the maxmium flood tide and maximum ebb tide are shown in 
Fig. 4 and Fig. 5, respectively. The error of water level at each cross-section in Fig. 4 and Fig. 5 
is the difference between the simplified bridge pier model and original bridge pier model. 
 
Fig. 4 Water surface profiles at maximum flood tide 
The following features can be observed from Fig. 4 and Fig. 5: (1) The impact of piers on 
the water level reaches a long distance from the piers, but is numerically very small, and only 
few centimeters in magnitude. (2) Both of the original bridge pier model and simplified bridge 
pier model can simulate the phenomena of the upstream backwater and downstream waterfall 
around piers at the maxmium flood tide and maximum ebb tide, where the concepts of 
upstream and downstream are relevant to the flow direction. (3) The water surface curves of the  
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Fig. 5 Water surface profiles at maximum ebb tide 
simplified bridge pier model are in good agreement with those of the original bridge pier model 
at the maximum flood tide and maximum ebb tide, because the error is within the order of 
magnitude of 10-3 m. However, errors of the water level between the simplified bridge pier 
model and the original bridge pier model are slightly large near piers and at the observation 
cross-section D. The former is mainly due to the change of the pier size and arrangement after 
simplification. The latter is the result of the increase of the whole tide average resistance by 
nearly 3% for the southern pier group after simplification. 
Overall, water level calculation results of the simplified bridge pier model are basically 
identical with those of the original bridge pier model. The E-R method is considered to be 
effective and the large-scale water level field will not be distorted. 
4.2 Velocity 
Velocity changes at the maxmium flood tide and maximum ebb tide before and after 
simplification were analyzed to study the influence of pier simplification by the E-R method on 
the velocity, including the change rate of velocity and influence distance. The change rate of 








= ×  (5) 
where α  is the change rate of velocity before and after simplification, AV  is the maximum 
velocity after simplification, and PV  is the maximum velocity before simplification. 
Contour maps of the change rate of velocity at the maxmium flood tide and maximum ebb 
tide are shown in Fig. 6. The influence distance L, defined as the distance from the pier axis to 
the contour of the change rate of velocity, is presented in Table 3. 
The results show the following: (1) For both during the flood tide and ebb tide periods, the 
contours over the 5% change rate of velocity are concentrated in a small range around piers; the 
distance of influence is relatively small. During the flood tide period, the maximum influence 
distance with the envelope of the 5% change rate of velocity is 16 times the simplified pier’s width 
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Fig. 6 Change rate of velocity  
                          Table 3 Values of influence distance L                        m  
Region 
L value with envelop of 2%α =  L value with envelop of 5%α =  
Width of  
simplified piers 

















North side  502  350  950  510 200 360 160 400 22.2 
South side 1 000 1 040 1 350 1 020 260 570 220 750 44.2 
at the north side and 13 times the simplified pier’s width at the south side; during the ebb tide 
period, the maximum influence distance is 18 times the simplified pier’s width at the north side 
and 17 times at the south side. (2) Likewise, whether during the flood tide period or the ebb 
tide period, the maximum change rate of velocity in the main navigable spans is almost 0. That 
is to say, there is no difference in the maximum velocity in the main navigable spans between 
the original and simplified bridge pier models. (3) Whether during the flood tide period or the 
ebb tide period, the envelope of the 2% change rate of velocity around piers has a wide range 
corresponding to its long influence distance. During the flood tide period, the maximum 
influence distance with the envelope of the 2% change rate of velocity is 23 times the 
simplified pier’s width at the north side and 24 times the simplified piers’ width at the south 
side; during the ebb tide period, the maximum influence distance is 43 times the simplified 
pier’s width at the north side and 31 times the simplified pier’s width at the south side. 
The conclusions above illustrate that the simplified pier group has a slight influence on the 
velocity with only small distortion in a small range around the pier group, which is consistent 
with its influence on the water level. Therefore, simplifying the bridge pier group using the E-R 
method cannot result in velocity field distortion in a wide domain. 
 Lei TANG et al. Water Science and Engineering, Sep. 2012, Vol. 5, No. 3, 316-328 326
4.3 Diversion ratio 
In order to study the impact of the bridge piers on the diversion ratio of each river branch, 
cross-sections for discharge measurement were set at the east branch of the Langshan Shoal 
(EBLS), west branch of the Langshan Shoal (WBLS), north branch of the Baimao Shoal 
(NBBS), south branch of the Baimao Shoal (SBBS), north branch of the Yangtze River 
(NBYR), and south branch of the Yangtze River (SBYR) as shown in Fig. 1. In previous 
research, it was concluded that the ebb tide played a leading role in shaping the river bed (Sun 
and Ruan 1988; Wu et al. 2006; Du et al. 2007). Therefore, the diversion ratio during the stable 
period of the ebb tide was considered an analysis datum in this study, as specified in Table 4. 
                      Table 4 Diversion ratio of each river branch                          % 
River branch 
Observed diversion ratio 
without bridge pier 
Diversion ratio of 
original bridge pier model  
Diversion ratio of 
simplified bridge pier model  
a b c a b c a b c 
EBLS 64.6 63.2 63.9 64.3 64.6 64.4 64.3 64.6 64.4 
WBLS 26.9 28.2 27.5 25.9 26.0 26.0 25.9 26.0 26.0 
NBYR   3.0  3.1  3.0  3.2  3.0  3.1  3.2  3.0  3.1 
SBYR  97.0 96.9 97.0 96.8 97.0 96.9 96.8 97.0 96.9 
NBBS 34.3 34.5 34.4 34.6 34.4 34.5 34.6 34.4 34.5 
SBBS 65.7 65.5 65.6 65.4 65.6 65.5 65.4 65.6 65.5 
Note: a is the value during the first half tidal period, b is the value during the latter half tidal period, and c is the average of a and b. 
The results show the following: (1) Comparing the non-bridge pier model with the 
original bridge pier model, it can be found that the bridge piers affects the diversion ratio of 
each river branch in the Xuliujing reach to a certain extent. The diversion ratio of WBLS is 
affected slightly more, by about 1.5%, and the diversion ratio of the other branches are 
influenced to a smaller extent, by about 0.5%. It can be concluded that numerial models for this 
region must take into account the pier group of the Sutong Bridge. (2) Comparing the with the 
simplified pier group model, there is no difference in the diversion ratio of each branch 
between the original and simplified bridge pier models. That is to say, simplifying the bridge 
piers with the E-R method cannot result in distortion of the diversion ratio of each river branch. 
Additionally, according to sections 4.1 and 4.2 above, both the water level and velocity 
around the bridge piers show slight differences between the original and simplified bridge pier 
models. The discharge at the Sutong Bridge pier cross-section is examined as well. The results 
are listed in Table 5, where cross-section A1 represents the transect between the main pier 4 
and the north land bank, cross-section A2 represents the transect between the main pier 4 and 
main pier 5, and cross-section A3 represents the transect between the main pier 5 and the south 
land boundary. The change rates of discharge between the original and simplified bridge pier 
models at the pier cross-sections are small, as shown by Table 5. For example, during the flood 
tide period, the change rates of discharge at cross-sections A1, A2, and A3 are 1.0%, –0.2%, and 
–1.1%, respectively. In other words, using the E-R method of dealing with a small-size pier 
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group will not cause largely change of the discharge capacity. The same conclusion can be 
easily obtained for the ebb tide period as well. 
Table 5 Diversion ratios at pier cross-sections and change rates of  
                    discharge between original and simplified bridge pier models                 % 
Cross-section 
Diversion ratio of original  
bridge pier model  
Diversion ratio of simplified 













A1 29.9 23.3 30.2 23.5  1.0  0.9 
A2 52.1 56.5 52.0 56.5 –0.2 0 
A3 18.0 20.2 17.8 20.0 –1.1 –1.0 
4.4 Time efficiency 
For the simplified model, a certain degree of accuracy is often exchanged for substantial 
computing time. Therefore, it is necessary to analyze computing efficiency of the model 
simplified by the E-R method. Grid parameters and computation time in this study are shown in 
Table 6. 
Table 6 Parameters of grids and calculation time 
Model Number of grid cells 
Maximum grid 
cell size (m) 
Minimum grid 







Original bridge pier 21 688 700  6.0 46 30 16.22 
Simplified bridge pier 21 647 700 11.1 46 30 8.22 
In this study, the finite volume method was used to numerically solve the model. The 
calculation time depended on both the minimum grid cell size and overall performance of the 
computer. As shown in Table 6, with the E-R method, the simplified bridge pier model takes 
half the calculation time that the original bridge pier model needs. 
5 Conclusions 
In this paper, taking the pier group of the Sutong Bridge as an example, some details and 
procedural steps in the E-R method for simplifying bridge piers were described. Using the 
two-dimensional tidal current numerical model, three different models were established: the 
non-bridge pier model, original bridge pier model, and simplified bridge pier model. The effect 
of bridge pier simplification was analyzed in terms of water level, velocity, diversion ratio, and 
time efficiency. The following conclusions are drawn: 
(1) The water surface curves of the simplified bridge pier model were in good agreement 
with those of the original bridge pier model in the large domain. Only small errors existed near 
the piers. The contour line of the 5% change rate of velocity was concentrated in a small range 
with a small influence distance, while the contour line of the 2% change rate of velocity was 
distributed in a relatively larger range than that of the 5% change rate of velocity.  
(2) There was no difference in the diversion ratio of each branch between the original and 
simplified bridge pier models. The simplified bridge pier model takes half the calculation time 
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that the original bridge pier model needs. 
(3) Applying the E-R method to the simplification of the Sutong Bridge piers is entirely 
feasible, and the E-R method is promising in other engineering applications. 
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